Eosinophilic COPD appears to be a distinct patient subgroup with an increased corticosteroid response. Eosinophilic COPD has been labelled as part of the asthma COPD overlap syndrome (ACOS). We compared the clinical characteristics of eosinophilic COPD patients (without any clinical history of asthma) and COPD patients with a childhood history of asthma. COPD patients with asthma were characterised by more allergies and more exacerbations, but less eosinophilic inflammation. While terms such as "ACOS" are used to "lump" patients together, we report distinct differences between eosinophilic COPD and COPD patients with asthma, and propose that these groups should be split rather than lumped.
To the Editor:
Eosinophilic COPD appears to be a distinct patient subgroup with a corticosteroid treatment response [1, 2] . Furthermore, some, but not all, studies have shown that higher blood eosinophil counts in COPD patients predict a higher exacerbation rate in the future [3, 4] . The presence of eosinophilic inflammation in this COPD subgroup suggests that a similarity to asthma is present. Indeed, eosinophilic COPD has been labelled as part of the asthma-COPD overlap, also termed the asthma COPD overlap syndrome (ACOS) [5] . The asthma-COPD overlap consists of multiple subgroups of patients with distinct clinical and pathophysiological features, and there is a need to further define the characteristics of these subgroups [6] . We have compared the clinical characteristics of eosinophilic COPD patients without any clinical history of asthma, and COPD patients with a childhood history of asthma. The aim was to understand the similarities and differences between eosinophilic COPD and patients with a clinical diagnosis of both asthma and COPD.
Patients were recruited (Oct 2014-June 2016) from a research database of COPD patients from primary care who responded to media advertising. Two groups of patients were recruited; 67 COPD patients with no history of asthma were randomly selected from the database, and 14 COPD patients were specifically selected due to a history of childhood asthma (asthma and COPD; AC). 14 of the 67 COPD patients without asthma had a blood eosinophil count ≥300 cells/μl and were called COPD blood eosinophil high , while 24 patients had a sputum eosinophil count ≥3% and were called COPD sputum eosinophil high . All patients were aged >40 years, with postbronchodilator forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ratio <0.7 and ≥10 pack year smoking history. COPD patients attended for a visit at stable state; defined as not experiencing an exacerbation requiring antibiotics and/or oral corticosteroids in the preceding 6 weeks. Exacerbation history in the 12 months prior to study entry was based on patient recall. All patients provided written informed consent using protocols approved by the Greater Manchester Ethics Committees (10/H/1003/108 and 05/Q1402/41). COPD patients performed the following procedures: St George's Respiratory Questionnaire (SGRQ), COPD Assessment Test (CAT), Clinical COPD Questionnaire (CCQ), skin prick testing, fat free mass index (FFMI) assessment, FeNO 50 measurements, spirometry, body plethysmography, transfer factor, 6 minute walk test (6MWT), and sputum induction as previously described [7] . Sputum was processed for differential cell counts and quantitative polymerase chain reaction detection of H.influenzae, M.catarrhalis and S.pneumoniae as previously described [8] . Blood eosinophil counts and serum immunoglobulin E (IgE) levels (upper limit of normal = 100 IU/ml) were measured. A sample size of approximately 15 patients with AC and eosinophil high COPD was planned, giving 80% power to detect a difference in sputum eosinophil % of 3.8% between groups using a SD of 3.6 based on our own and published data [9] . Statistical analyses were performed using unpaired t-tests, MannWhitney tests or chi-square tests as appropriate using GraphPad Prism version 7.00 (San Diego, California; USA). P < 0.05 was considered statistically significant.
The clinical characteristics are shown in Table 1 . The AC group were significantly younger (means: 57 versus 69 years; p < 0.0001) with an earlier age of diagnosis compared to the COPD group, although the duration of COPD after diagnosis was similar between groups. Pack year history and inhaled corticosteroid use were similar between groups. More AC patients reported chronic bronchitis compared to COPD patients (86% versus 55%, p = 0.04), while CAT, SGRQ and CCQ scores were similar between groups. These demographic and symptom differences between groups were also present when comparing the AC and both the blood and sputum eosinophil high COPD patients, except for chronic bronchitis prevalence which was no longer different between groups. AC patients experienced more exacerbations in the previous year (median = 3) compared to the whole COPD population, or the blood and sputum eosinophil high COPD subgroups (median = 1 for all groups).
Focusing on the comparison of AC and blood eosinophil high COPD patients, the self-reported prevalence of allergies, including hayfever, and the presence of positive skin prick tests were higher in the AC group, although the total IgE count was similar between groups. The postbronchodilator FEV 1 % predicted was not different between groups, but the FEV 1 /FVC ratio was higher in the AC group (mean: 0.52 vs. 0.42, p = 0.02). There were no differences between groups for other pulmonary function tests including lung volumes and reversibility, 6MWD or FeNO 50 .
Blood eosinophil counts were higher in the blood eosinophil high COPD patients; only 35.7% of AC patients had blood eosinophil counts ≥300 cells/μl (p = 0.0006), and median eosinophil counts were lower in AC patients (medians: 0.42×10 9 /L vs. 0.22×10 9 /L, p = 0.001). Sputum eosinophil counts, both as a percentage (median: 7.0 vs. 2.5, p = 0.002) and absolute count (median: 0.4 vs. 0.1, p < 0.01), were higher in blood eosinophil high COPD compared to the AC patients respectively. Additionally, all patients in the blood eosinophil high group had sputum eosinophil counts ≥3% (100%) compared to the AC group (46.2%), p = 0.008. There were no other differences between groups for sputum cell counts. Patients from each group were classified according to sputum cell counts into neutrophilic, eosinophilic, mixed granulocytic and paucigranulocytic using neutrophil and eosinophil thresholds of 61% and 3% respectively as previously described [10] . The COPD blood eosinophil high patients were classified as either eosinophilic (30%) or mixed (70%), AC patients had a more even spread between the four possible groups (Table 1) . Total airway bacterial load was similar between the groups.
Comparison of sputum eosinophil high COPD and AC patients ( Table 2) showed similar findings to those observed between blood eosinophil high COPD and AC patients; there was a higher prevalence of allergy in AC patients. In addition, AC patients had a significantly higher pre-and post-bronchodilator FEV 1 L, FEV 1 % predicted and FEV 1 /FVC ratios compared to sputum eosinophil high COPD patients. Sputum eosinophil % (medians: 6.0 versus 2.5, p = 0.0004) and absolute counts (medians: 0.1×10 6 /g versus 0.04 ×10 6 /g) were higher in sputum eosinophil high COPD patients compared to AC patients respectively, with only 46.2% of AC patients having a sputum eosinophil count ≥3% (p = 0.0002). There were no differences in blood eosinophil counts between the two groups.
We observed that AC patients are younger with more allergic symptoms, but less evidence of eosinophilic inflammation compared to both blood and sputum eosinophil high COPD patients. These differences were associated with a higher rate of exacerbations in AC patients. While terms such as "ACOS" may be used to "lump" patients together, we report distinct differences between eosinophilic COPD and AC patients, and propose that these groups should be split rather than lumped.
The most notable clinical difference between AC patients and both the blood and sputum eosinophil high COPD patients was the exacerbation rate. Similar findings have previously been reported comparing ACOS and COPD patients [11, 12] . The higher exacerbation rate may be linked to allergic mechanisms in AC patients that are not present in eosinophil high COPD patients. The degree of eosinophilic airway inflammation was lower in AC patients compared to both the blood and sputum eosinophil high COPD patients. The different nature of airway inflammation in these two groups further underscores that these are distinct subgroups that should not be lumped.
Interestingly, AC patients had less severe airflow obstruction measured by FEV 1 /FVC ratio; this is difficult to explain given the similar smoking histories of the patients. A contributing factor may be the age difference between the groups, as the FEV 1 /FVC ratio is known to decrease with age [13] . The younger age of the AC patients has been noted in other studies of the asthma COPD overlap [12, 14] , and may represent a tendency to diagnose COPD earlier in patients with previous asthma. Bronchodilator reversibility was similar between the AC and both the blood and sputum eosinophil high COPD groups. There was also no difference between AC and the whole COPD population; these findings agree with previous studies comparing bronchodilator reversibility in ACOS and COPD patients [15, 16] . Bronchodilator reversibility has been proposed as a distinguishing ACOS feature, but it is well known that COPD patients can display marked bronchodilator reversibility [17] .
The sample size of this study was relatively limited for the AC and eosinophil high COPD groups, and therefore we may have missed some important differences between groups due to insufficient statistical power. However, by studying subgroups of COPD, we have reduced inter-patient variability for some endpoints, such as eosinophil counts, for which we were able to demonstrate large differences between groups. The small sample size prevented us from performing more complex statistical analysis, but nevertheless provides an initial insight into the differences between these patient groups.
The prevalence of eosinophil high COPD using a blood eosinophil count ≥300 cells/μl was 21%, while using a sputum eosinophil threshold of 3% gave a prevalence of 36%. Similarly, Watz et al [18] , in a post hoc analysis of 2420 COPD patients reported a prevalence of 20% when using a blood eosinophil count threshold ≥300 cells/μl while studies have reported a prevalence of up to 40% when using a sputum eosinophil count threshold of ≥3% [9, 19] . The prevalence of eosinophilic COPD clearly varies with the threshold used, but these commonly used thresholds suggest that approximately 20-40% of the COPD population could be classified as eosinophilic.
Our primary aim was to compare eosinophil high COPD with AC, and we have shown that only a proportion of AC patients (46%) have eosinophilic airway inflammation, in contrast to blood or sputum eosinophil high COPD patients who all have eosinophilic airway inflammation.
We differ from other ACOS studies by including only patients with a childhood history of asthma. The diagnosis of asthma may also be given to COPD patients in adult life; this is often an incorrect diagnosis given to individuals on the basis of a younger age at the time of COPD diagnosis. We excluded these patients with codiagnosis given in adult life, in order to be certain of a correct previous asthma diagnosis in the AC group.
In conclusion, our findings demonstrate that eosinophilic COPD patients have distinct characteristics compared to COPD patients with a history of asthma. AC patients are characterised by the presence of allergies and more exacerbations, but less evidence of eosinophilic inflammation. These data support the concept that different subgroups exist within the asthma COPD overlap, and should be carefully characterised [6] . 
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